Objective: Certain milk factors may promote the growth of a host-friendly gastrointestinal microbiota, for example, one that is predominated by bifidobacteria, a perceived healthpromoting genus. This may explain why breast-fed infants experience fewer intestinal infections than their formula-fed counterparts who are believed to have a more diverse microbiota, which is similar to that of adults. The effects of formulas supplemented with 2 such ingredients from bovine milk, a-lactalbumin (a-lac) and casein glycomacropeptide (GMP), on gut flora were investigated in this study. Patients and Methods: Six-week-old (4-8 wk), healthy term infants were randomised to a standard infant formula or 1 of 2 test formulae enriched in a-lac with higher or lower GMP until 6 months. Faecal bacteriology was determined by the culture-independent procedure fluorescence in situ hybridisation.
INTRODUCTION
The human large intestine is a complex ecosystem harbouring a vast range of bacteria (1) . To address specific questions on the human gut microbiota, in vitro and in vivo models have been developed. In the in vitro model, an array of techniques have been used, ranging from simple batch culture and screening the fermentative capabilities of specific compounds to more complex continuous culture models (2, 3) . Such models maintain a microbiota that in many respects is similar to that of the human colon. Hence, the microbial composition of these models have correlated well with in vivo samples and thus allowed the studies of a variety of ecological situations, including the fermentation of both dietary and endogenous substances (4) . These models have been extensively applied to various aspects on both probiotic and prebiotic research. However, to more definitively assess the complete functionality and safety of novel food ingredients, in vivo approaches are required (5) .
Animal models such as human microflora-associated rats and neonatal pigs are more able to reflect the complexity of the microbial gut flora in terms of species and numbers, as well as reproducing some biotic parameters such as a mammalian mucosa, immune system and digestive functions. However, subtle differences such as different anatomy and nutrient requirements may put the accuracy of such results in doubt. A more realistic model of the human gut is the use of primates, even though there are logistical and economic problems with this approach. Nevertheless, primates such as baboons and rhesus monkeys have been successfully used in studying novel food ingredients (6) (7) (8) . These primates also have the advantage of similar nutrient requirements and weaning periods as human infants, thus making them a useful animal model (9) .
The final assessment of prebiotic effects, however, is to feed candidate substrates or food to human volunteers and assess concomitant microbiological changes in stools (5) . Clinical intervention trials have previously been conducted using a wide variety of candidate prebiotics, although the doses, duration of the intervention and number of volunteers have varied. The main drawback with clinical trials is that faeces is the only readily available test material. Therefore, in contrast to in vitro continuous cultures, one cannot assess fermentation results in the proximal colon or metabolic events in the proximal gastrointestinal tract. However, if a candidate prebiotic is able to induce changes in the faecal microbiota or in faecal metabolic factors, then it may be assumed that more saccharolytic environments (eg, the right side of the large gut) are also affected (10) . In effect, a randomised placebo-controlled intervention human trial is seen as the ultimate assessment of a candidate prebiotic/probiotic or other food ingredient because it allows researchers to record data from an individual for whom the novel ingredient potentially is intended.
Two milk components have previously been shown to modify virulence and stimulate bifidobacteria in vitro while inhibiting gastrointestinal infections in infant rhesus monkeys (6) . Casein glycomacropeptide (GMP), a cleavage-product of k-casein, has been shown to prevent haemagglutination by Streptococcus mutans, S. sanguis and Actinomyces viscosus (11) . Furthermore, Strömquist et al (12) showed that when sections of formalin-fixed, paraffin-embedded stomach tissue were incubated with purified human k-casein, adhesion of Helicobacter pylori to the tissue was inhibited. In vitro assays also showed that GMP strongly promoted the growth of Bifidobacterium breve, B. bifidum, B. infantis and Lactococcus lactis (13, 14) . a-Lactalbumin (a-lac), which has a tertiary structure comparable to c-type lysozymes, has similar effects (15) . Pihlanto-Leppälä et al (16) previously showed that a-lac lowered the metabolic activity of Escherichia coli JM103 to 80% of normal. In addition, the testing of purified cow's milk whey proteins showed that a-lac was a potent growth promoter for B. infantis and B. breve (17) . The mechanism behind the effect of a-lac is unclear, but it is speculated that whey products hamper cellular metabolism in a manner similar to that of lactoferrin-derived antibacterial peptides, that is, by affecting the cytoplasmic membrane.
In this study, we evaluated the prebiotic effect of a-lac-and GMP-supplemented infant formulae in healthy term infants. We tested whether enrichment of standard formula with bovine a-lac and GMP altered the gastrointestinal flora, making it closer to that of breast-fed infants as compared with infants fed control formula.
PATIENTS AND METHODS
This randomised, double-blinded, placebo-controlled clinical intervention was carried out in Umeå, Sweden, and was approved by the ethics committee of the Faculty of Medicine, Umeå University (Umeå, Sweden). Infant formulae with different levels of GMP and a-lac were provided by ARLA Food Ingredients (Viby, Denmark).
Volunteers
Healthy term infants ages 6 AE 2 weeks were recruited from well baby clinics in Umeå, Sweden. All infants were exclusively breast-fed from birth and were weaned directly to either one of the study formulas or a standard infant formula for a short time before inclusion in the study. Infants whose parents gave informed written consent were randomised to either (1) a control, commercially available formula (Standard) (11% a-lac, 14% GMP) (n ¼ 17); (2) a formula enriched in a-lac (Alpha-10) (25% a-lac, 15% GMP) (n ¼ 21); or (3) a formula enriched in a-lac but with reduced GMP (PSNU) (25% a-lac, 10% CGMP) (n ¼ 16) ( Table 1) . Breast-fed infants served as reference (n ¼ 31). The formulae were in powdered form and dry-blended minimize the denaturation of the proteins. All subjects and their parents were in regular contact with the research nurse and had access to 24-h medical advice through the Department of Pediatrics. The intake of either formula or breast milk was ad libitum, and no other food except 1 to 2 tablespoons of fruit purees per day from 4 months of age was allowed during the study. All subjects were free to leave the trial at any time for any reason.
Sampling Regime
Faecal samples were taken at the start of the study (baseline), at 2 months and at 6 months of age. On the day of sampling, approximately 1 g of fresh faeces was scraped off the draper, placed into an Eppendorf tube and immediately frozen. Samples were stored at À808C and subsequently transported, blind coded, to the University of Reading for further analysis. All faecal material was analysed for predominant populations of the gut microbiota using fluorescence in situ hybridisation (FISH) (6) .
Sample Preparation
Chemical reagents were obtained from Sigma (Poole, UK), unless otherwise stated. Each sample was defrosted, placed in preweighed 50-mL centrifuge tubes and weighed. Phosphatebuffered saline (PBS; 0.1 mol/L), pH 7.4, containing 0.00001% (wt/vol) cetyltrimethylammonium bromide was added to make a 1:10 (wt/vol) solution. Approximately 6 glass beads (4.5 mm Ø, BDH, Poole, UK) were then added and the samples vigorously vortexed. Three hundred seventy-five microliters of homogenate was then added to 1125 mL of filter-sterile (0.2 mm) 4% (wt/vol) paraformaldehyde in PBS (pH 7.2) and fixed for at least 4 h at 48C (triplicates). The fixed sample was washed twice in 1 mL of filtered PBS (pH 7.4) and pelleted at 13,000g, before resuspending in 150 mL filtered PBS and 150 mL 96% (vol/vol) ethanol. The sample was mixed and stored at À208C for at least 1 h before analysis by FISH (as previously described) using probes for Lactobacillus, Bifidobacterium, Clostridium, Bacteroides and E. coli and 4 0 ,6-diamidino-2-phenylindol for total counts (2) ( Table 2) .
Statistical Analysis
Statistical analysis was performed using one-way ANOVA for determining significance at P < 0.05. Variation of the intestinal microflora at the start of the study and after 4 and 6 months was compared for each diet in addition to deviation between diets (Breast Milk-Standard formula, Breast Milk-PSNU, Breast Milk-Alpha-10, PSNU-Alpha-10, PSNU-Standard, Alpha-10-Standard). Statistical design and analysis was decided on in agreement with the Department of Applied Statistics, The University of Reading, UK.
RESULTS

Gastrointestinal Symptoms
There was no difference in gastrointestinal or other symptoms between the groups (to be reported elsewhere). Parents did not express any concern regarding the formulas used and were generally satisfied.
Bacterial Profiles
Lactobacillus, Bifidobacterium, Clostridium, Bacteroides and E. coli were quantified using FISH. Breast-fed infants demonstrated a significant increase (P < 0.05) between baseline and 4 months in total counts. Alpha-10 showed a significant increase in the total bacteria quantified between baseline to 4 months (P < 0.012) and 4 to 6 months of age (P < 0.05). In the PSNU and Standard groups, large but statistically insignificant variations between baseline to 6 months were seen. Average levels of total bacteria decreased slightly by 6 months of age in infants fed PSNU and the breast-fed group. However, this was not statistically significant due to large individual variations within the groups. Bifidobacterium was the predominant population in all infants, and no significant changes in bifidobacteria populations were observed throughout the study in any group, with the exception of breast-fed infants. Breast-fed infants showed a peak of increased bifidobacteria levels at 4 months of age when compared with the other groups. However, levels were again indistinguishable at 6 months. A bifidogenic effect was seen in the percentage difference from baseline to the sixth month (16.8%-50.2%) in the infants fed standard formula with decreased a-lac and increased GMP (Standard formula). However, this did not reach statistical significance, probably due to large individual variations within the group. Lactobacilli levels remained unchanged in all groups throughout the study. Standard formula displayed a dramatic rise in average Clostridium populations (P < 0.039) between baseline and 6 months of intervention. In the percentage-quantified profile, E. coli showed an increase during these 2 time points (4-6 mo), for Alpha-10, but again, due to the large standard deviation, no statistical significance was found. On the whole, Alpha-10 showed a varied, more ''adult-like'' bacterial population (Figs. 1-4) . ANOVA analysis showed significant differences in the following bacterial populations: Bacteroides, E. coli, Clostridium and total counts. Infants fed Alpha-10 outperformed all other feeding groups in the fourth month with the lowest bacteroides counts. Significant differences were found between Breast-fed and Alpha-10 (P < 0.03) and Standard and Alpha-10 (P < 0.02) bacteroides populations. PSNU-fed infants displayed similar but not significantly different results (P < 0.07) when compared with infants fed Standard formula and Breast-fed infants. By 6 months of age, average E. coli counts differed significantly in infants that were exclusively breast-fed. Although varying carriage of E. coli amongst the time points and groups was observed, average counts remained most stable only in the breast-fed group (Breast-fed and PSNU, P < 0.032; Breast-fed and Alpha-10, P < 0.03; Breastfed and Standard, P < 0.035). Between the fourth and sixth months, all formula-fed infants showed an increase in Clostridium spp. Breast-fed infants displayed a higher average number of clostridia compared with all of the formula-fed groups at 4 months, with a significant difference in the total number of cells between the breast-fed group and infants fed Alpha-10 (P < 0.047).
DISCUSSION
In the present double-blinded, randomised, placebocontrolled intervention, we compared the effects of feeding 2 experimental formulas enriched with a-lac, but with 2 different levels of GMP, with feeding a standard formula or breast milk on the gut microflora of healthy infants.
No major variation in the Bifidobacterium and Lactobacillus populations of either group of formula-fed infants compared with the breast-fed group was observed. The microflora of the breast-fed infants was stable throughout the study and clearly dominated by bifidobacteria. Furthermore, at 6 months of age, E. coli counts in the breast-fed infants seemed to be stabilised. The breast-fed group also maintained a lower number of total bacteria per gram of faeces compared with the formula-fed groups, which showed increasing average counts of bacteria during the study. In the formula-fed infants, bifidobacteria was also the predominant group and did not vary greatly during the study, except for infants fed Standard formula. However, in Standard formula-fed infants, Bacteroides spp. and Clostridium spp. also varied more. Because all infants had been breast-fed before being recruited into the study, it is possible that a threshold level of bifidobacteria was already established, which prevented further increase in the population. Thus, a prebiotic effect of a-lac and GMP, as observed previously in in vitro cultures (2), may only be seen with low starting populations of beneficial microbiota, for example, in formula-fed infants. This was noted previously by Roberfroid et al. (19) , who suggested that a correlation may exist between initial Bifidobacterium spp. population levels and the magnitude of the increase in bifidobacterial numbers in individuals fed prebiotics. Consequently, a dose of a-lac and/or GMP could result in the production of similar high numbers of bifidobacteria irrespective of the initial starting population levels. However, only if the starting population of bifidobacteria is low will a significant increase in cell counts result. A similar explanation could be plausible for lactobacilli. Infants fed Alpha-10 and PSNU formulae displayed
Mean bacterial counts in faecal specimens of breast-fed infants. Mean log 10 per gram weight AE SD at baseline, 4 months and 6 months. Baseline ¼ point of inclusion in the study; 4 months ¼ 4 months after entrance into trial; 6 months ¼ 6 months after entrance into trial (endpoint).
FIG. 3.
Mean bacterial counts in faecal specimens of infants fed Alpha-10 formula. Mean log 10 per gram weight AE SD at baseline, 4 months and 6 months. Baseline ¼ point of inclusion in the study; 4 months ¼ 4 months after entrance into trial; 6 months ¼ 6 months after entrance into trial (endpoint).
higher Lactobacillus counts at baseline as did breastfed infants. Thus, no significant changes could be observed because counts were already higher than those of breast-fed infants. It is also interesting to note that PSNU-fed and breast-fed infants had comparable Lactobacillus counts at 6 months of age, even though Alpha-10-fed infants had the highest count of all groups.
Another study determined that in formula-fed infants, Bacteroides were found in significantly higher numbers compared with breast-fed infants (20) . However, the present study did not show this; all groups displayed variable average Bacteroides counts with both the Standard formula and Breast milk infants having the highest populations at 4 and 6 months.
In summary, this study has shown that a formula enriched in a-lac may promote the growth of certain bacterial groups in a manner similar to breast milk. Bifidobacterium levels did not show any substantial difference among groups, but this may reflect the fact that all infants were initially breast-fed. A formula enriched in a-lac and CGMP may promote an intestinal microflora composition closer to that of breast-fed infants. However, due to a high variation of carriage between individuals, it is difficult to draw a firm conclusion on the degree of bifidogenesis induced by either a-lac or GMP because large population fluctuations between single individuals within groups existed. Due to the fact that in previous batch culture and continuous culture models, levels of bifidobacteria were substantial, it may be speculated that enrichment of formula with the 2 milk factors may confer an increase of the indigenous beneficial microflora when levels are below a certain point (ie, below 10% of the faecal flora) (2) . Furthermore, it becomes evident that well-controlled human volunteer trials are essential to complete the assessment of new food ingredients because it is virtually impossible to model all aspects of the human colon.
